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ABSTRACT 

Ten-day LC50 values were determined for adult and immature 
guppies under static test conditions at 25°c (Ol, “hey total 
Paraness;, 95 mg/d Caco ,) to compare their tolerances to zinc. 
Adult pairs were then chronically exposed to sublethal concen- 
Erationsof zine fora 4—month nee and the effects on 
reproduction studied. During this period, moter activity of 
Caen females and the intensity of courtship behaviour of the 
males were measured; the former by the number of times the 
lines of a-grid were crossed during a 5-minute observation 
period and the latter by the number of times the following 
displays occurred during a 3-minute observation period: i 
gonopodial swinging, dorsal fin erection, sigmoid reaction. 
The effect of prenatal exposure to zinc on the tolerance of 
young guppies to an acutely toxic zinc concentration (6mg/1) 
was examined by LT50 determinations. 

The 10-day LC50 values for adults and immatures were 
aCe and oo Tig/ ls zinc respectively. | [his dieference in 
tolerance was Significant. 

Over the four parturition periods, chronic exposure’ to 
Ovee and 1070 mg/1-zinc caused significant reductions in the 
total number of young produced per female (58% and 50% 
respectively) and in the length of young (12% and 13% 
rescectively) at birth. Significant decreases in brood 
sizes did not occur until the second parturition whereas 
decreases in the length of young at birth occurred as early 


as the first parturition. Chronic exposure to zine did not 


IV 
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Significantly affect the time intervals between broods. 
Chronic exposure to zinc significantly reduced motor 
BGtavyicy, the total activity of females exposed to 0.36, 0.88 

and 1.70 mg/l zinc being only 65%, 53% and 38% respectively 
of the value for control females. Decreased activity of 
exposed fish occurred as early as the first 3-week interval. 
The intensity of courtship by males was not affected by 
ZINC 

Prenatal exposure to zinc did not significantly increase 


LT50 values: 
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INTRODUCTION 
Low levels of zinc (between 10-200 ug/l) are common in 
the fresh water environment (Kehoe et al., 1944; O'Connor et 


al., 1964). These are thought to be the result of we 
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and erosion of ore deposits (Huff, 1944; Whitney and Risby, 
1975; Williams et al., 1976). The presence of zinc concen- 
trations that are much higher than these levels (Jones, 1940; 
Newton, 1944; Sprague et al., 1965; Kopp and Kroner, 1967; 
Saunders and Sprague, 1967) poses serious pollution problems 
that could damage aquatic ecosystems. Weathering of mine 
refuse heaps; effluents from ore processing and other zinc 
industries such as those involved in zinc coating, rubber and 
paint manufacturing, and paper processing are the major 
soupees of zinc pollution. 

LAG EOxLeCL ty sOlLezriiewrorrtisheand) other aquatic iris has 
been studied since the beginning of this century. These 
studies indicate the probable mechanisms of the toxic action 
of the metal and also guide authorities in the development 
of water quality criteria to conserve aquatic life. 

Paetish, acuce’ zinc-toxicity (Sprague, 1969) is “thoughe 
to be due to tissue hypoxia. Two views are held on events 
that lead to the development of hypoxic conditions. The 
first is that the metal causes excessive mucus accumulation 
onvthe, cgi besuriace. (Carpenter, 1927; -Bllis, 1937)-and thus 
decreases the permeability of the gill epithelium to oxygen 
(Westfall, 1945). It has been suggested (Cusick, 1967; 


Hodson, 1974) that the secretion of mucus might be a response 
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that protects the gill tissue from damage. Lloyd (1960) 
found no evidence of mucus accumulation on the gills of 
Fainbow trout, Salmo gatrdnert, killed by. zinc. The second 
view (Lloyd, 1960; Skidmore and Tovell, 1972; Matthiessen and 
Brafield, 1973) is that the metal decreases the efficiency of 
gas exchange by interfering with the Ls Aa EnLegrity of 
the secondary lamellae. Our understanding of the mode of 
PORbe actions Of szinceisesti lleincomplete.. .Most, of the studies 
involved unrealistically high zinc concentrations. The 
possibility exists that the mode of action varies with the 
concentration of the toxicant. 

Muchwot thesliceraturesas On; acutes,toxicity.z 5, in» these 
studies, the tolerance of a species is measured by determining 
an LC50 (the concentration which kills 50 per cent of the 
animals) for a specified period of exposure and test conditions. 
The response of the average fish is preferred to that of either 
the least or the most tolerant individuals since a much smaller 
variability exists (Sprague, 1969) and values that are ob- 
tained are more likely to be representative of the population 
and therefore more reproducible. The values, that have been 
reported as acutely toxic, range from 0.09 mg/l for cutthroat 
Proubpecci mo, clorki. (Sappington, 1969) to. 40.9 mg/d. for 
bluegills, Lepomis macrochitrus, (Pickering and Henderson, 
1966). Part of the variation may be accounted for by tolerance 
differences among species, differences in length of exposure 
periods, size and number of test animals, and use of different 


Salts of the metal. Differences in the physical and chemical 
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a 
qualities of the test water account for much of the variation 
observed. Generally, the water properties that affect zinc 
toxicity appear to do so by altering either the rate and/or 
volume of ventilation (Chapman, 1973) and therefore increase 
the amount of toxicant that reaches the respiratory epithelium; 
or the biological availability (for example, by decreasing 
the amount of zinc in solution or by reducing the ease of 
enum Sanito Bthe ‘Gqiit tisisue) ofsthe «toxicant. 

Hardness is the most important property of water that 
affects zinc toxicity (Lloyd, 1960), the toxicity decreasing 
with increase in hardness (Jones, 1938a; Cairns and Scheier, 
1957; Lloyd, 1960; Mount, 1966; Sinley et al., 1974; Solbe, 
1974). The mechanism of the antagonistic action of calcium 
and the other alkaline-earth metals (magnesium, strontium, 
barium) is still poorly understood. Taking into consideration 
the permeability theory, attributed by Jones (1938b) to the 
work of Loeb, and Osterhout, researchers speculate that the 
antagonistic effect might be due to a reduction in the per- 
meability of surface membranes to zinc; probably as a conse- 
quence of competition for binding sites on the membranes 
(Gusi ck7 021967)’. Defherinhibxetiontof zinc-inducedi precipitation 
of protoplasm within the cells of fish might be another 
mechanism (Heilbrunn, 1937). 

Another water property that affects zinc toxicity is 
temperature, probably because of its effects on metabolism and 
the diffusion rate of materials. Lloyd (1960) observed that 


although the survival time of rainbow trout in zinc decreased 
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with increase in temperature, the threshold concentration 
(the concentration below which zinc is not toxic) appeared 
to be unaffected. Hodson (1974) observed an increase in 
tolerance to zine of rainbow trout that were acclimated to 
and tested at a higher temperature although the fish that 
died had shorter survival times than those that were accli- 
mated to and tested at a lower temperature. He speculated 
that such an effect might be due to a higher metabolic rate 
at higher temperatures so that warm-acclimated fish may be 
Hone tcapable ‘of removing zinc fromtsirtes tof toxic “Action, or 
of a higher rate of synthesis of specific proteins that might 
otherwise be rendered inoperative. Cairns and Scheier (1957) 
found little difference between the toxicity of zinc to 
bluegills, at 15°c and 25°c. But they also found that the 
metal was more toxic to the fathead minnow, Ptmephales promelas, 
at 25°C than at 15°C; indicating that the response of some 
species may be more temperature sensitive than others. More 
recently, Burton et al, (1972) showed that the survival time 
of bluegills in zinc was reduced with an increase in the rate 
of temperature change. If the decreased survival time results 
in a decreased tolerance to zinc, then concentrations that may 
not) beidethal-under ordinary conditions could kill fish if 
the environment is subjected to rapid temperature changes as 
could be found in bodies of water receiving heated effluents. 
The dissolved oxygen concentration of water also affects 
themtosiicttyiobeczenc, SLloyd1960) found thatsa reduction in 


the dissolved oxygen concentration of the test water increased 
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Lise lCORrCiry Oorewc2ine TOethe rainbow <rout .Mesimilar cesults 
were obtained by Pickering (1968) for the bluegill. The 
former investigator also found that the effect was reduced 

if the trout were previously acclimated to a lower oxygen 
concentration. The response of fish under hypoxic conditions 
include increasing the rate and/or volume of ventilation and 
consequently the amount of toxicant exposed to the gill 
epithelium would increase. The observed increase in toxicity 
is most likely the result of adjustments made by the animal 
for the low oxygen levels in the medium. 

Reports On erie erect) of pDHYon tthe toxiertysoRrzine 
appear to be contradictory. Mount (1966) observed that at any 
given hardness, zinc was more toxic to the fathead minnow at 
egner pH (9.0) “thanvat a’ Lowervone@(5. 0)".80 The workvof 
Cairns et al. (1971) on the bluegill shows that zinc was more 
toxic at a lower pH (6.0) than at a higher one (8.0). The 
former investigator suggested that a high pH could precipitate 
ZenCrrrom Solution which then would become trapped between 
the gill filaments. The trapped zinc could eventually go 
into solution, because of the local reduction in pH resulting 
from carbon dioxide excretion (Lloyd and Herbert, 1960), and 
tired sso lived "zane could theni*texert sts’ toxic efiieck..\Cairns 
ev ab S(1971)- belaeve’ that the Wore species’ As tthe "toxic 
form of the metal. They suggested that zinc was more toxic 
at the lower pH than at the higher one because under the former 


condition the amount of dissociation increases. 
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The presence of salts of other heavy metals in the test 
Waeen could also atiftect «the-toxicity of zincs. The studies,of 
Bandt, as reviewed by Doudoroff and Katz (1953), indicate that 
there is a synergistic effect between zinc and a) nickel, 

b) copper, the synergism holding for the latter only at 
relatively high zinc concentrations (above 1.8 mg/l zinc and 
0.3 mg/l copper) (Lloyd, 1961). Synergism also exists be- 
tween zinc and the cyanide ion (Doudoroff, 1956). 

Although acute toxicity tests provide valuable infor- 
mation such as the relative toxicity of two compounds, 
tolerance differences among species and the effect of water 
chemistry on the toxicity of a compound, many authors (Crandall 
anasGoodnignt,,1962. Caitns , 19667 Alderdice ,-.h967;,,Brungs, 
1969; Sprague, 1970) emphasize that these studies are not the 
most meaningful aspects that should be considered. The ability 
to survive in a medium does not necessarily indicate that the 
mediumsis. satisfactory (Doudorof£,.1957). | -Also,, concentrations 
that are likely to persist (Williams et al., 1976) in bodies 
of water receiving mining and/or industrial effluents are 
often much lower than those used in acute toxicity studies. 
Consequently, the more recent studies involve sublethal 
levels. Tests are run for longer periods and they reflect 
the effects of the toxicant on parameters that are important 
in fish productivity: growth, fecundity, spawning behaviour, 
egg viability and fry survival. 

Most of the available reports on the effect of zinc on 


growth indicate that the toxicant has an inhibitory effect. 
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This effect has been demonstrated in: guppies, Poectlia 
retteulata, (Crandall and Goodnight, 1962); fathead minnows 
(Brungs, 1969); the minnow, Phoxinus phoxtnus, (Bengtsson, 
1974a); rainbow trout (Watson and McKeown, 1976a). The only 
apparently conflicting report comes from the work of Pickering 
(1968). He reported that low zinc concentrations had a 
stimulatory effect’ on growth of the bluegill. 

Zinc has also been shown to have an adverse effect on 
£eprocuction in’ fish. -Crandalil-and Goodnight: (1962)” reported 
a delayed gonadal maturation in the guppy. Brungs (1969) 
observed that the frequency of spawning and the number of 
eggs laid per female were greatly reduced in the fathead 
minnow. The work of Saunders and Sprague (1967) indicates 
that the Atlantic salmon, Salmo salar, shows an avoidance 
reaction towards sublethal levels of zinc. The significance 
of this response is that the upstream migration of this 
species could be blocked, thus affecting the reproductive 
success of the fish population. 

Crandall and Goodnight (1963) observed degenerative 
changes particularly in the liver, kidney and skeletal muscles 
of*guppies following a chronic exposure to zinc. “The 
investigators speculate that the observed gross abnormalities, 
such as inhibited growth, delayed sexual maturation and 
decreased fecundity, might be the secondary effects of stress 
produced directly or indirectly by the toxicant. The finding 
of Watson and McKeown (1976b) that the activity of A5-38 


hydroxysteriod dehydrogenase enzyme (in the interrenal tissue), 
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an enzyme associated with the syntheses of corticosteroids, 
increases during chronic exposure of rainbow trout to zinc 
indicates that exposed fish are under stress. 

My investigation was conducted to determine the acute 
eieecirOnre toxicitysof zincito? thesguppy)) Poecirizatretrventata, 
formerly known as Lebistes rettculatus (see Rosen and Bailey, 
1963). The guppy was chosen as the experimental animal because 
it can be maintained easily and breeds in the laboratory. 

It has a short reproductive cycle, thus making reproductive 
studies possible. There is a marked sexual dimorphism and 
one can therefore pair the fish without erring. The mode of 
reproduction is viviparous (Scrimshaw, 1945; Rosenthal, 1952) 
and consequently, the tolerance of newly born fish to zinc, 
following prenatal exposure to zinc, can be studied. 

Estimates of 'safe' levels are usually made by multiplying 
LC50 values, which are determined for adults, by application 
fkoetersa whi cherange c.rom-0.0) "tol. 4eSpraguey# 19/4) kin 
order totyield’more*reliable toxicity data,ydata thatiwilil 
not underprotect, it is necessary to base figures on the 
tolerance of the most susceptible stage of the life history of 
theeftishs sinftormation in the Titerature on’ the ‘variation’ of 
tolerance with life history is very scanty. The present 
investigation will show how the tolerance of the guppy to 
Zinc varies with the life history by comparing the tolerance 
Of adult and immature fish. 

Another aspect of this study deals with acclimation. 


Pickering and Vigor (1965) observed that fathead minnow fry 
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exposed to zinc at the egg and embryo stages were more tolerant 
than previously unexposed ones. Also, Sinley et al. (1974) 
showed that rainbow trout that were similarly exposed were more 
tolerant than those developing from non-acclimated eggs. In 
these previous studies, the eggs from which the more tolerant 
fish developed were in direct contact with the test solution. 
The use of a viviparous fish makes it possible to test if 
positive acclimation is possible in spite of the fact that 
the developing fish was not in direct contact with the toxicant. 
The tolerance of young produced by exposed females is compared 
to that of young from unexposed females. 

The chronic tests investigate the effect of the toxicant 
on reproductive success and motor activity. Studies on the 
effect of zinc on fish activity (movement) are few and have 
been carried out because of the need for environmental Pielegsete 
to be able to predict zinc toxicity (in the absence of fish 
lvls yeethese studies (Waller and Cairns, 1972; Cairns 6 aly, 
1973) are qualitative in the sense that they measure changes 
in movement patterns. The quantitative aspect of movement is 
PmoOGeant 1niticalite of a fish, particudanly during courtship; 
in events of escaping from predators and unfavourable conditions; 
and in food procurement. Since female guppies that are more 
frequently inseminated appear to produce more young in the 
brood than those that are not (Breder and Coates, 1932), the 
effect of the toxicant on courtship behaviour was also 


investigated. 
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MATERIALS AND METHODS 


source and Maintenance of Fish 

Test fish were purchased locally from two commercial 
dealers. At the shops, fish were placed in plastic bags 
containing oxygen-enriched dechlorinated city tap water and 
transported to the laboratory. To guard against the loss of 
too many fish in event of disease outbreak, a maximum of 300 
fish was brought to the laboratory at the same time and 
held in five 32-litre tanks. The holding water (and dilution 
water used in all experiments) was distilled water to which 
sodium chloride, potassium bicarbonate and calcium chloride 
were added in the following respective amounts: 0.03 g/l, 
0.04 g/l and 0.1 g/l. The holding system was static and 
tanks were cleaned daily to remove any dead fish, excess food 
and faeces. About half of the water volume in the tanks was 
renewed daily. Tanks were aerated, by means of airstones 
placed in filters containing charcoal and glass wool, to 
Maintain adequate oxygen levels and to provide a gentle 
current. Temperature in the tanks was maintained at P3296", 
with aquarium heaters. Illumination, by means of cool white 
fluorescent lights (30 W), provided a 12-hour photoperiod during 
the holding period and for all experiments. 

Fish remained in the holding tanks for a minimum period 
of three weeks. During this time, fish were fed twice daily 
from Monday to Friday on the commercial dry food preparation 
'Tetramin'. This food preparation was also fed to fish in 


all experiments. To retard fungal growth, Nox-ich (a Weco 
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product) with malachite green (0.75%) as the active ingredient, 
was added to the tanks at the rate of one drop per four litres 
of holding water for three consecutive days at the end of the 
second week of holding. When holding periods were longer 
than three weeks, the fungicide was added a week before the 
fish were tested. 

Immature fish used in the repeat of the second 10-day 
LC50 determination and fish used in the sublethal experiments 
and the acute tests in Experiment 3 were raised in the 
laboratory. 
Test Conditions and Water Analyses 

Test tanks were gently aerated to maintain adequate oxygen 
levels. Dissolved oxygen measurements were made using the 
azide modification of the Winkler method. No attempt was made 
to control pH but the values in test tanks were recorded using 
a Fisher 520 digital pH meter. Temperature was maintained at 
25.5°C by placing the tanks in water tables having temperature 
controlled by a YSI thermostatic control connected to heater 
elements. This temperature was chosen because it is within 
the normal temperature range of the guppy (Gibson, 1954). 
Total hardness was determined by the EDTA titrimetric method 
and total alkalinity by the mixed bromocresol green-methyl 
red indicator method (APHA-AWWA-WPCF, 1975). 
Preparation and Determination of Zinc 

An acidified stock solution (1 ml reagent grade nitric 
acid per litre of solution) of 6,000 mg/l zinc sulphate 


(2nSO,* 7H,0) waS prepared using reagent grade salt. For 
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each test solution, the appropriate volume of zinc stock 
solution was pipetted into a 6-litre conical flask and dilution 
water was added up to the 6-litre mark. The test solution 

was then thoroughly stirred on a Fisher Thermomix using a 
magnetic bar. 

To prevent the loss of significant amounts of zinc, test 
solutions were partially Ee by siphoning out half of 
the volume of solution in each tank and replacing it with 
fresh solution. Solutions were only partially renewed to 
minimize handling of fish. 

Zane Fee ecions were made using a Jarrell-Ash (Fisher) 
Atomic Absorption Spectrophotometer. Aspiration of standards 
and samples was direct (i.e. no extraction). Because the 
dilution water was the matrix used in all zinc determinations, 
control tanks were assigned zero zinc concentration values. 
Fxpertment 1. Deeennet son OLE Le50 

The test system was static and glass tanks of the 
EOlLOwIngeouts 1de dimensions: 21001) x 25(w) oxe:20 (h) cm 
were used. These held 8 litres of test solution each. Each 
tank had a glass cover set over it to reduce evaporation, 
keep away dirt and prevent fish loss through jumping. Test 
tanks in other experiments also had glass lids. Dissolved 


oxygen, zinc and pH measurements were made daily. 


Preliminary tests lasting 7 days and involving 10 fish 
per tank and concentrations that ranged from 1 to 10 mg/l Zinc, 
were carried out on immature and adult fish to determine the 


range of concentrations that would be used in the LC50 deter- 
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minations. From the preliminary test results, the lowest 
concentration chosen for the LC50 determinations was the 
highest concentration at which no mortality occurred. The 
highest concentration used was the lowest that caused less 
Chanel 0Oeper cent mortality. For adult fish, the ‘concen- 

Pea pel smuSCO. Wer Gua Syms ./3), 4,125 785625, 0.20 and 6.73 mg/l 
CoC me eOr eimmMatune seen, these were “17235, 12 73,82563,, 3.23) 
fase ana, 4.-73 mg/Pezinc. 

Three sets (A,B,C) of LC50 determinations were made for 
both adult and immature fish and the procedures mentioned 
below were followed in each case. 

A day prior to beginning the experiment, test tanks 
were ier with detergent, rinsed with distilled water and 
wiped with 0.1N solution of ethylene-tetraacetic acid, washed 
again with detergent and rinsed several times with distilled 
water. These steps were to ensure that no zinc was present 
in the tanks. Fish to be used were selected (from tanks in 


which mortality during the previous week did not exceed 10 per 


cent): fish were anaesthetized with 0.1 per cent ethyl 
m-aminobenzoate methanesulfonate (MS 222) solution and the 
standard lengths (from the tip of the snout to the end of the 
vertebral column) were measured using vernier calipers. 

Adult fish that were more than 30 mm, or less than 18 mm 

(= small males) in length were not used. For immature fish, 
the respective limits were 16.5 and 7.5 mm. The fish were 
then weighed individually and the upper and lower limits were 


Ser sats Gand, 0.5 Go for adult) figh)and 0.09'q and 0.01 9g 
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for immature fish. The adult fish weighed 0.4940.12 g (mean 
+ one standard error) and the standard length was 23.44+0.15 
mm. For immature fish, these values were 0.03+0.001 g and 
12.43+0.12 mm respectively. The fish of each size group were 
then randomly assigned to one of 14 tanks ({6 experimental + 
(eeontrol, © 2), wowcneat this time contained) diiution water, 
by means of numbered slips of paper drawn from a container. 


Bach. tank held 10> frsn-. 


To begin the tests, the ten fish were removed from each 
of the tanks a the tanks were emptied. The test solutions 
were then poured into the tanks from the flasks after first 
rinsing each with some of the appropriate test solution. 
Control tanks contained dilution water only. Fish were then 
returned to their tanks. Each of the six zinc concentrations 
was tested in duplicate at the same time, so that the measured 
zinc concentration and the observed per cent mortality at 
each concentration were the averages of two determinations 
each. 

Fish were not fed during the 24-hour period preceding 
the tests. They were fed on day 5 before the test solutions 
were partially renewed. Tanks were checked for dead fish 
every 4 hours from 8 a.m. to 12 midnight. Death was assumed 
to have occurred if respiratory and fin movements ceased and 


the fish did not respond when prickedwith a mounted pin. 
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Statistical Method 

The 10-day LC50 values were estimated for both adult 
and immature fish as outlined by Litchfield and Wilcoxon 
(1949): per cent mortality (probit scale) was plotted against 
the measured zinc concentration (log scale) at which it 
occurred. A straight line was fitted to the points by eye 
andmies goodness of fit was tested by (chi.)“ "analysis. The 
LC50 values were then interpolated from the graphs. Probit 
regression lines were calculated (see Finney, 1947) for 
adult and immature fish by combining the 3 sets of data (A,B,C) 
in each case. 

The significance of the difference in LC50 values 
estimated for adult and immature fish was evaluated by a 
Gacesit. 

In this and all other experiments, significance was 
acceprodmarn » <7 0.05. 

Experimentea. Ettect of, chronic, exposure -to.zince on 
reproduction 

Brood size in this fish is related to the size of the 
female, large females usually producing larger brood sizes 
(Turner, 1937; Purser, 1938). Also, the size of the previous 
brood may affect the size of the next brood; the number of 
young increasing to a maximum and then decreasing to a minimum 
(Rosenthal, 1952). Age could therefore be another factor to 
be considered. To decrease variability from one female to 
another it was necessary to use virgin females of approximately 


the same size and age. 
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These females (not necessarily siblings) were obtained 
in the following manner: gravid females were removed from the 
holding tanks and placed in breeding traps that were suspended 
in breeding tanks. This was done from the beginning of March 
to the -endvof the first week of April, 1977. Each female was re- 
Eubned Sto ethe holding tanks as "seon -as ithe "brood! was’ delivered. 
The breeding tanks were heated by means of aquarium heaters and 
the temperature fluctuated between 23 and 28°c. The fry were 
fed twice daily from the time they were a week old. Daily 
observations were made for individuals (males) that were just 
beginning to show an elongation of the anal fin. These were 
removed as soon as ohn were found. The breeding tanks | 
gradually became all-female tanks. The success of the method 
was reflected by the fact that there were no fry found in the 
all-female tanks throughout the growth period nor were 
females ever observed to be gravid. 

The test system was static and 20 small tanks (5 tanks 
for each of the three zinc concentrations and the five controls) 
Ia Us oie MSC) o x 8206s) x’ 20(w)wemiand holding 4 s5ulatres vot 
test solution were used. At the beginning of the experiment, 
the tanks were washed with detergent and sterilized by rinsing 
with 70 per cent ethyl alcohol. The tanks were then rinsed twice 
again with distilled water. This procedure was repeated halfway 
through the experiment. Virgin females of approximately the 
same length were assigned to each of the 20 tanks (one female 
per tank) and the tanks were assigned randomly to four groups 


of five. Individuals in each group were anaesthetized with a 
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0.1 per cent MS 222 solution and the standard lengths of 
individual fish were recorded (Appendix 4). The data were 
analyzed by an Anova test to ensure that significant size 
differences did not exist between groups. The females were 
then paired (August 18) with selected males from the 
holding tanks. The selection was done on the basis of court- 
ship display. Males showing less than 9 displays per minute 
were not used. 

The test concentrations iNeminal values), (1. 9s700.97 and 
Owe mg/d zinc, Lespectively represent 0.4, 0/27 and 0.1 of 
the 10-day LC50 determined for adults. These concentrations 
were assigned to three groups of fish and dilution water 
served as control (the fourth group). Zine was introduced 
into the test tanks a day after the fish were paired, 
Test solutions were partially renewed on Mondays and 


Thursdays and zinc concentrations were determined using 


acidified 7-day composite samples. Dissolved oxygen 
was determined monthly; pH weekly; total hardness and 
total alkalinity every other week. Fish were fed 
twice daily for five days (Monday-Friday) a week. 


As the female in a test tank became noticeably pregnant, 
the pair was put into a breeding cage suspended in the test 
tank. Because many test females did not show a typical gravid 


appearance, all pairs were isolated in the breeding cage after 


20 days of a particular interval of brood production. The 
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pair remained in the cage until the brood was delivered, 
then the young and the breeding cage were removed. The 
breeding cages were made of nylon netting with 3 mm appertures. 
Isolation of pairs was necessary since guppies are cannibalistic 
and parents would chase and eat their young. 

The experiment was run for four months during which 
time four broods were produced. Observations for brood pro- 
duction were made at least twice daily, in the morning and 
in the late evening, While courtship behaviour and 
motor activity studies lasted, an additional observation was 
made in the afternoon. The brood production record of each 
female was kept. It comprised the number of young in each 
brood (=brood size) and the date on which the brood was 
discovered (the brood is usually delivered within an hour). 
From the latter, intervals between broods were calculated. 
As soon as the brood was discovered, the juveniles were 
removed and anaesthetized with 0.1 per cent solution of 
urethane (ethyl carbamate) and the standard lengths were 
obtained by measuring with vernier calipers under a binocular 
microscope. A maximum of 10 fry per brood were used in 


the size determinations. 


Statistical Methods 

The significance of differences between groups with 
respect to brood size, total number of young per female, 
intervals between broods and size of young at birth was tested 


by Anova. When the difference was significant, means were 
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compared using the Duncan's New Multiple Range test. fMThe 
effect of time in a zinc solution on the variables was deter- 
mined by within group comparisons (using the above tests of 
significance). 
Experiment 8. Effect of prenatal exposure to zinc on the 
aCUtLe EOxXUCLty Of zinc EO young guppies 

Fish used in this 2 ME ae ds were produced by the 
exposed (3 zinc concentrations) and unexposed (control) females 
in Experiment 2. Because of the small brood size of exposed 
females, young used for length measurements in Experiment 2 
were used in oe of these tests. This was done only when 
recovery, from the anaesthesia, in the zinc concentration at 
which they were prenatally exposed was 100 per cent. A maxi- 
mum of ten and a minimum of five young were used in each test. 
When five fish were used, there was always a repeat when fish 
became available and both sets of data were combined so that 
a total of ten fish were involved in each test. 

The zinc concentration used in this test was 6 mg/l zinc. 
Test apparatus was static; test chambers were four~-litre jars 
that held 3 litres of test solution. Because 100 per cent 
mortality occurred within 24 hours in all cases, test solutions 
were not renewed. Fish were not fed during the experiment. 

To begin the tests, the test solution was introduced into 
the. test chambers and the appropriate number 
of young fish was removed by a small hand net from the tanks 
in which they were born and put into the acutely toxic solution. 


Five tests were run per group of prenatal exposure. Because 
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broods produced late at night were not detected and tested 
Untiietne nextoemoming, varsecond™controletest wasruns “This 
involved exposing young produced between 8 p.m. and 11 p.m. 
by control mothers to 0.97 mg/l zine (one of the three sub- 
lethal concentrations of prenatal exposure) for 12 hours before 
being tested in 6 mg/l zinc. 

In all tests, individual time to death was recorded. 
Fish were assumed dead when movement ceased and the young fish 


did not respond when pricked with a mounted pin. 


Statistical Method 
The data were treated in the same manner as those in 

Experiment 1. The difference was that the log-probit plot 

was between cumulative per cent mortality and survival time. 

The interpolated values were LT50s, the median survival times 

(MOUTrS) 

PaepeuTmencee Wekifectuol, chroniceexposure torzine (during 
Experiment 2) on motor activity and the 
intensity of courtship 

A description of the courtship pattern is presented 
betore attempting’ torquantify courtship in thisitish.. The 
most easily observed feature of the courtship behaviour is 
the persistent manner in which the males pursue the females. 

During the chase, the males often thrust at the genital 

region of the females with the gonopodium (a modified anal 

fin which serves as an intromittent organ). The movement 
of the gonopodium is referred to as "Gonopodial swinging'. 


During this act, the gonopodium is swung laterally and forward 
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and there is continued rotation until the tip of the gono- 
podium which points posteriorly during normal swimming now 
points anteriorly (Clark and Aronson, 1951). Other parameters 
OPetnewcourtshipspatternuancludes the: Dorsal Eins erection’sand 
Ene ws oLIMOLOeleacta ony .gaane thes tormer ~ithe,dorsalxfin is 
spread and in the latter, the body is thrown into an S-shape, 
the body quivers, the caudal fin is spread and there is rapid 
movement backwards and forwards over a short distance (Liley, 
1966). The arching of the body may be maintained for 3-5 
seconds usually, but extreme values of 15 seconds are possible. 

Sperm ne ae involves copulation, an act which may 
last for less than a Beaceies of a second, (Clark and Aronson, 
Oo) and is therefore less commonly observed than the other 
features. Both fish make contact momentarily and wheel 
around in small circles before swimming apart. 

The pattern described above refers to the male's behaviour. 
The displays will occur in the absence of females (Breder and 
Coates, 1935; Warren, 1973). The presence of females, however, 
increases the frequency of display (Warren, 1973). The females 
have a less easily defined courtship behaviour pattern. The 
behaviour of the females towards displaying males has been 
categorized as 'passive' (Breder and Coates, 1935; Clark and 
Aronson, 1951) in the sense that they do not seem to show an 
active response to male courtship. Assumption of a stationary 
position by the female appears to be a sign of receptivity 
(Clark and Aronson, 1951). More recently, Liley (1966) 


described a more active response pattern for females. It 


orn cg ae 4 sek = ah 
Bi ib ss it eerlicnal ina eaiths nee ee 
sie afb: s ghhy ‘igen? vi ‘aia RA 
org | ort fot vi bain ae sansa we anneal oe te 
ote wedg,. wa a Westies co a a4, ‘tans “M shoes rine 9g wtewey | 
ne sanity Be ie ie) vei pil wa! btu bispysl | 
ees ‘Hon Atak ee paige a4 ‘wae: ol te 


any iis oa OU 
won ary rh Aviat Bormann - sere: any, caring ote 


gn’, Lou ad eae: im. fete Ro coh, ie ham ‘ 
sane Seton nts, ee “gu We ~*~ a i 
pony: a wii sly | id peu aa ove Gels bay ati ‘ete ath, 5 | r <1 
yr gid a nal glee ag. pete che aie fab waren Bs eto ae - 
COND og, CED ai 6 ain a nyt Nereis psa ae el . ae 


ee ' ere, dnp sn) detaiagt Rie sega pote ei: ee 


ie 


5 i alia wie svptthi if ay: un Ar ae inne aos 
srt a ri satel chant gad pase te sieeenia fe . 
bwin, of weli's ate pee) BAK eet 


As wend gb its i a co righ ve ay 8 ini «a — 


ii ad 
involves gliding towards the displaying male, halting and 
raising the tail and head slightly. 

This experiment was run simultaneously with Experiment 2 
and both involved the same fish and the same test solutions. 
The front side of each water table was replaced with a sheet 
Of plexiglass thus making observations from the side.of the 
tanks possible. 

aeRO Or ACTLViIcCy 

A grid -conprisimg vertical “and horizontal lines that 
were 5 cm and 3.5 cm apart respectively, was drawn on the 
observation face of each test tank using a diamond-tipped 
pencil. Thrice every week for 12 weeks, activity of the 
female hee She for 5 minutes by counting the number of 
times the fish crossed the vertical (=horizontal movement) and 
the horizontal lines (=vertical movement). The males were 
removed one hour before the observations and were returned 
after the observations. Activity was measured from 12 noon 
(three hours after fish were fed) to 2 p.m. 

Be. “Courtship Behaviour 

Although a more thorough study would have been one that 
incorporated male and female responses, it was difficult 
even after several observations to accurately recognize the 
female response if and when it occurred. The study was 
therefore based on male responses only. Since mating would, 
to a certain extent, include female responses, gonopodial 
swings recorded were only those in which contact was actually 


or nearly made with the genital area of the female. Some of 
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the gonopodial swings might therefore represent incidents of 
mating. 
Observations on courtship behaviour were made on days 
on which motor activity was not measured, beginning at 12 noon. 
The length of the observation period of each pair of fish was 
3 minutes and three observations were made per week. Courtship 
intensity was determined by counting the number of times the 
following displays occurred: 
a) dorsal fin erection 
b) Sigmoid reaction 
c) gonopodial swinging 
In both female motor activity and male courtship behaviour 


measurements, the order of observation was randomized. 


Statistical Methods 
In both cases, the time scale was divided into four 3-week 
intervals. The same tests of significance used in Experiment 


2 were used to evaluate between and within group differences. 
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RESULTS 
Experiment 1. ULC50 Determination 
Results of the routine water analyses show that the 
range of pH values (6.8 to 8.0) was reasonably narrow and 
the highest pH values were recorded in control tanks; alkalinity 
and total hardness showed fairly wide variations (16 to 24 mg/l; 


60 to 220"mg/) “aseCace @ respectively); oxygen Levels were close 


3) 
to saturating values; range of temperature values did not 
exceed 1°C (Appendix 1). Aerating the tanks had the additional 
advantage of providing a gentle current which aids the mixing 
of ions and thus makes for more uniform test solution 
concentrations within the tanks. 

The difference between measured and nominal zinc 
concentrations was not appreciable (Appendix 2). 

Some of the adult fish used were almost twice as long 
as the shortest ones. This could not be avoided partly 
because of the large number of fish used in the study and 
partly because of the sexual dimorphism existing in the adult 
fish with respect to size. 

There was an increase in mortality with increase in 
zinc concentration except in two cases (Adult A, 6.02 and 
5.09 mg/71. Zines immature. B, 4.6/Mend 4.26 mg/l zinc) where 
the higher concentration caused the same per cent mortality 
as the next lower concentration (Appendix 2). Plots of 
cumulative per cent mortality versus time to death (Figures 
1 and 2) show that apart from the increase in mortality with 


increase in concentration, the higher concentrations also 
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decreased survival time. Thus adult fish that died in 6.73 mg/l 
zinc did so between the first and sixth days whereas fish in 
the lower concentrations survived longer (Figure 1). A 
similar trend can be seen for immature fish (Figure 2). 

The three, 10-day LC50 values determined (Litchfield 
and Wilcoxon method) for adult and immature fish are presented 
in table 1. The three sets of mortality data (Appendix 2) 
were then combined for adults (Figure 3) and immatures (Figure 
4). The LC50 values obtained by the Finney method were close 
to the respective averages of the three sets of determinations 
byvthe Litehfield and Wilcoxon method (Table-1). From the 
former values, adults were estimated to be 1.8 times as tolerant 


as immatures. This tolerance difference was significant. 


EPeperiment 2. EEfect of zinc on reproduction 

Properties of test water in the sublethal experiments 
(reproductive, motor activity and courtship behaviour) did 
not vary much during the study (Appendix 3). Zinc concentrations 
decreased in all tanks and the mean values (0.36, 0.88 and 1.70 
mg/l zinc) were used to characterize the tests. 

During the course of the experiment, two female fish, 
one in0.c6 md/2 zinc andthe other ine. 70) mg/lzinc, died 
in the sixth and seventh weeks respectively. Both fish could 
not be replaced because of a fungal infection among virgin 
females in the holding tank. This infection was not present 
at the start of the experiment and both females that died did 


not have the infection. 


ay to te 


Pony) eaghipe icy ae 


rhea 
= 
''; 
\ 
; i] 
: i 
a! 
: f 
ey 
yt i 
gis 
{ 
5 
ae ts 
i ’ ’ 
a) Wy 
, , y Ray) ‘ 
é i f 
a bi | 
} ‘i 
) A aa” 
may 
iat i 
1 iG 
i. ae a : ry 


canst ‘iota 
eee wish i; vat 94 | 


Dott ety ¢ pir ii ie 


f “4 v if bn 7 +8. rf: i i eA Pi : y 1 et = | aly F om, ® ? wt east oi inal 


Li ch nic he ptr alt reir 
ool rt ag he nes 


quinn, pase 
a rT a2 dis . aa) ha Ber ou Ke acy " ee 
giok wa de [i é i ney ad Read t " hi aa bead tect ad 


oe Ea Alt 


ri 1 fi 
: ag ; , 7 ; 
ae {5 = a> ou Hi Ve s a Mi D> | 7 gs 4 ee e = ia 3 
; ees eet : 


7 i } a i i Va ri 7 ; 
s' eou. TAT TID Bemseetae, Peta: eas 


ereuk teak Mee eeen anit *e. dosh a Seems 


iii tee vs aborts ay jun * von an FTG +a i. 


j a ee, o7 8 
‘ a ; a? 7 
r ae Pal gee iiecaae apt ‘ee et oj ‘peal Sih ‘raat 
. 0) oe at 


nota cvow OA: Pua whee Ite am Peet 

. if aw ae Arty oY tee vo wae 
tent | abe wits ie, otees aif —— | 

be ihe ul wn ‘wer oe Cg ition shi 


ann eal ie Bar HG ite yy Caw Arnie 4 
ie oe r is ‘tno a ae siptied ite 


nig 


fg ee : bins sail ey ad “Sys 
sa ea? ti ene ne eae are RG. ov 


Ex 


Oe he te sya t wey beet: 
; a aT ry RD ssiie Faced! 

D4 6 ) (tS52 eT ae 
< . « : - | > | Bn ES ord ‘ ; 
3 aL Se 
is " / E823 


Ae oD soak tqus ase * lease Jf 


: 7 eo y a ake: Ee pene — Dew o see ed 


; ay ee a 6... 46> BF. 6.8 | 0 
- | ExPosurne Tie, DAva 


Figure 1. Mortality of adult guppies in three concentrations 


of zinc during one of the LC50 (A) determinations. 
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Figure 3. Probit regression line for estimating the 10-day 


LC50 of adult guppies (data in Appendix 2). 
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Figure 4. Probit regression line for estimating the 10-day 


LC50 of immature guppies (data in Appendix 2). 


Symbol LC50 determination 
O A 
°e B 
A C 


Zinc concentrations are measured values. 


In the equation, 


y S moOrvalleywinspeopics 
x = log of zinc concentration 
The curved lines represent 95% confidence 


bands for the line. 
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Zinc had no effect on the intervals between broods: 
between group differences at any parturition period were not 
Significant and although the intervals were shortest between 
Pairing and the production of the first brood (Figure 5), 
within group differences were also not significant. 

To a large extent, the total number of young produced per 
female through the four parturition periods decreased with 
increase in zinc concentration (Figure 6), exposure to 0.36, 
Cee Cranes. 0l mg/l sinc Causing 24). -5e8,and 5SO0"per cent 
reduction respectively. This decrease was not caused by a 
decreased frequency of brood production of exposed fish since 
intervals between broods were not significantly different. 

The cesults indicate that the effect of the toxicant is on 
the brood size. 

Over the four parturition periods (Figure 6), brood sizes 
of females in 0.88 and 1.70 mg/l zinc were significantly lower 
than those of control females; females in 0.36 mg/l zinc had 
Significantly larger brood sizes than those in 0.88 mg/l zinc. 
Brood sizes in 1.70 mg/l zinc were larger than in 0.88 mg/l zinc 
but the difference was not significant. Brood sizes in 0.36 mg/l 
were larger than in 1.70 mg/l zinc but the difference was not 
Significant. Brood sizes of control females were larger than 
those produced by females in 0.36 mg/l zinc but the difference 
was not significant. 

The length of the exposure period affected the brood 
sizes (Figure 7). After the first parturition period, the 


brood sizes of females in 0.88 and 1.70 mg/l zinc showed a 
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Figure 25. 


Effect of ‘chronic exposure Co zinc; etnzough four 


parturition periods, on the interval between broods 


in the female guppy. 


Values are X 


+ 1SE (details in Appendix 5) 


Concentrations are measured values. 
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Figure 6. Effect of chromic rexpcsure to zincson 


a) the totalenumber of young produced per 
female guopy (solid lines) 


b) the number of young per brood (dash line) 
in four parturition periods. 
Values are X + 1SE (details in Appendix 6). 


Concentrations are measured values. 
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Between group comparison 


a), CSS SD wae eB ak 


Groups not underscored by the same line have 


Significantly different means. 
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Figure V.~ Changes tn the brocdisize of the female guppy 


during chronic exposure to zinc through four 


parturition periods. 


Values are X + 1SE (details in Appendix 6) 


Concentrations 


A 


B 


c 


D 


0 
0. 
OF 


1s 


are measured values. 
mg/l zinc 

36 mg/L zine 

88 mg/l zine 


70 21g / a eZane 


Between group comparison Quring each parturition 


period: 
lst A & D 
2nd S B A 
30a D B A 
4th D B A 
Within group comparison: (numbers refer to the 
parturition periods and 
the order does not nec- 
essarily represent in- 
creasing values). 
A 1 2 3 4 
B th 2 & 4 
Cc af 2 3 4 
D i 2 3 4 


Groups not underscored by the same line have 


Significantly different means. 
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Significant decrease. Brood sizes during the second, third 
and fourth parturition periods were only 25%, 19% and 19% of 
the brood size in the first parturition. period for females 
ian. Oo NdAl a int. wOemg,L. zinc, these values’ were 13%, 27% 
and 25%. Females in 0.36 mg/l zinc showed an increase in 

the brood size during the second parturition period followed 
by decreases during the aaah fourth parturition periods 
but the difference was not significant throughout the duration 
of the experiment. Brood size in control tanks increased 
during the second waetemelinion period and decreased in the 
third er rion period (same brood size for 3rd and 4th 
parturition periods) but the differences were not significant 
from one period to another. 

Between group comparisons during each of the four 
parturition periods show that in the first period, females 
ipectieatwo Hvqnest zinc concentracions (0.88 and 1.:70 mg/L 
zinc) produced larger brood sizes than control females and 
females in 0.36 mg/l zinc. However, these differences were 
not significant. In the second parturition period, females 
in the two highest zinc concentrations produced significantly 
smaller brood sizes than control females and those in 0.36 mg/l 
ZUM eRe ern partubaraonywper1 Od, brood sizes an all 
three zinc concentrations were not significantly different 
and only the brood sizes in the two highest zinc concentrations 
were Significantly smaller than values FOR LCOntCrOL temaLes, 
The same trend was shown in the fourth parturition period 


(see Figure 7 legend). 
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Only live young were taken into consideration when re- 
eOrding the brood size. In all zinc concentrations, dead 
young were produced and these had the following abnormalities: 
they were less than 4 mm long (total length), had not absorbed 
the yolk completely and had not uncurled from the embryonic 
posture. These individuals represent 4%, 10% and 4% of the 
total number of young produced in 0.36, 0.88 and 1.70 mg/l 
zinc respectively. In 0.88 mg/l, there were three cases in 
which the fertilized egg had not developed into a distinguish- 
able embryo (included as dead young). In each zinc concentration, 
whenever abnormal young were produced, the brood also contained 
live individuals. There were no apparent abnormalities among 
live fish produced by control females and those in zinc and 
no dead young were found in control tanks. Dead young (in 
the zinc concentrations) dropped into the test tanks from 
appertures of the breeding cages. Also, observations during 
the present investigation indicate that guppies are not likely 
to notice and eat young that are not moving. It is therefore 
unlikely that control fish had eaten their dead young. 

Dead young were also excluded from the determination of 
tneesuze (standard length) of fry sat birth:. Over the four 
parturition periods, females in 0.88 and 1.70 mg/l zinc 
produced significantly smaller young than those in 0.36 mg/l 
zinc and controls (Figure 8). Between group comparisons 
during each parturition period show that: 1) the differences 
mentioned above occurred in the first parturition period, 


2) in the second parturition period, females in 0.88 mg/l 
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Figure 8. Effect of chronic exposure of female guppies 
zinc on the saze’ (standard length) of fry at 
baer 
Values: ace. X -vishu(detal ls aineppendwxea. 


Concentrations are measured values. 


A = Oomg/ eZine 

B = 0.36 mg/l zinc 
C = Oe 6S.nG/es Zinc 
D = a) ONO a Enc 


Between group comparison through the four 
parturition periods: 


D 6 B yr 


Between group comparison at each parturition 
period: 


Ist c D B A 


2nd CS D B A 


3rd D i A B 


APN 1 Dan Dae 


Groups not underscored by the same line have 


Significantly different means. 
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zinc produced significantly smaller sized young than those 
in 1.70 mg/l zinc and values obtained for either group of 
females were significantly smaller than those for females in 
Uesorma ez inceand controls, 93) anesthe third’ and fourth 
parturition periods, the trends were similar to that in the 
Par st parcurve1onrper1o0d (see Figure 8 legend for details). 
Within group comparisons were not significant at any of the 
four parturition periods. 
EFxzpertment 38. Effect of prenatal exposure to zinc on the 
acutewtoxicity of gine to young guppies 

The calculated (Finney, 1947) median survival times 
(Figures 9-13) were close to the respective averages of the 
median survival times estimated by the Litchfield and Wilcoxon 
(1949) method (Table 2). 

Fish that had been prenatally exposed to 0.88 mg/l zinc 


had a significantly longer survival time thanC, young (controls) 


i 
and young that were prenatally exposed to 1.70 mg/l zinc 
(Table 2). The difference in survival time between young 
that were prenatally exposed to 0.36 mg/l zinc, 0.88 mg/l 
ZinCwand Cc. (controls that were postnatally exposed Lo. 0a 7 
mMayiezine for i2 nourssprior tor,acute toxicity, test) was 


not significant nor was it between those exposed to 1.70 mg/l 


Zany 256 MOL zinc, C, and Co (controls). 


Expertment 4. Effect of zinc on courtship behaviour and 
motor activity 


Results of the courtship behaviour study (Figure 14) 


indicate that gonopodial swinging was displayed less often 
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Figure 9. Probit regression line for estimating the LT50 


(hours) of young guppies CS inuoymg/ i zane. 


Test Symbol Source of young 
fe) Ist brood of yg. 4 
9 2nd brood oLe an 
4 2nd. DrCod, (Oba aseS 
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a 4th brood Of “S94 


In the equation, 
Y s=ee mortalucy in) probi ts 


log of time (hours) 
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lcontrol fish. 


48. 


AJ1VOS 


a 
O 
2 
e) 
Oh 
>) 
ay 


ALITIGVEOUd ‘ALITVLYON & SALLVINWND 


LOG SCALE 


IN HOURS, 


TIME 


vr spn ie om) 


shoe uh die) 9 


| ee eae @ 


© i 


in ey iA i 
vy 


Shae tm 


= é 
fo i vw 


Pe 
ana, oy ot ne 7 a, 
e i” eat y 
ee 7 ch , ei 
i a ve 1 
i aay a - 
' 
é ” 7 7 
ia. 7 i a 
is oe i bile teas? f, Pan me a 
| ; = ae P 7 7 Ba 7 el ms af >a oh =” 
; nl a Matias: wole Tot eares 
- - : ‘a ' a 
: a 7 Tal ; i 7 ; <? i. 
a = i ye } F “ 4 
a 
7h. “= 
ik . - © 7 
“A 
at : 
. ys 
4 ae | Sa 
=) Be . = : - 
A — 
. 
— " a 
u ¢€ i 
% : f . * 
i . 
ine ij CF y ' 
| 


\pae Te.0 uy Dedoons yi favo As és waiow deat! 
_bbdees entedt wi @scud 2 363 


at 


Figure 10. Probit regression line for estimating the LT50 


(hours) of young guppies (on) ineG6 mel wine. 


Test Symbol Source of fish 
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@ 2nd Drood or waae 
A 2NCADE OGG OLN aes 
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In the equation, 


y = $ mortality in probits 


x = log of time (hours) 


Irish were postnatally exposed to 0.97 mg/l zinc 
for 12 hours before being tested. 
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Figure 11. Probit regression line for estimating the LT50 
(hours) of young guppies, that were prenatally 


exposed to 0.36 mg/l zinc, in 6 mg/l zinc. 


Test Symbol Scurce of fish 
O lst brood of F 3 
® 2nd brood of " 2 
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a 4th brood of " 5 


In the equation, 
y = % mortality in probits 
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Figure 12. Probit regression line for estimating the LT50 
(hours) of young guppies, that were prenatally 


exposed to 0.86 mg/l Zinc, in 6: mg/de-cane, 
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TResults combined. 
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Figure 13. Probit regression wine for estimating therursg 
(hours) of young guppies, that were prenatally 


exposed to 1.70 mg/d) zinc,-in 6 mg/7 ) zine. 
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“Tested after recovery from anaesthesia. 
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Table 2. Effect of prenatal or postnatal exposure to 


sublethal levels of zinc 


on the tolerance (as 


estimated by the LT50) of young guppies to an 


acutely toxic zinc concentration (6 mg/l): 


ae 
Groups’: Cy Co 0 
LT50 (hours)?: 4203 ATEKO An 
4.20 4.05 4 


4.15 4.90 4 

3.60 4.26 4 

X 3.94 AL 32 AY 

LT50 (hours) ?: 3297 Arey 4, 
1370 Cy 0.36 


Groups not underscored by the same 
different LT50. 


- 36 0.88 125.0 


JUS) 4.18 3450 
45 525 4.10 
S15) 5264 4.42 
00 3.84 SE55 
25 4.76 350 
28 4.86 3481 
13 4.96 head i 
Cc. 0.88 


line have significantly 


lsee Materials and Methods for details. 


2 
LT50 estimated by Litchfield and Wilcoxon method. 


3LT50 from log-probit regression lines. 
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58. 
than the other two parameters. It must be remembered however, 
that gonopodial swings were recorded only when the tip of the 
gonopodium was close to or touched the genital region of the 
female. 

The general trend was for a lower courtship intensity in 
zinc solutions compared with controls but between group 
differences were not Pca. It is therefore likely that 
the insemination frequencies may not have differed significantly 
from group to group. Within group differences were significant 
in test as well as control groups. In each case, the intensity 
Sracourtship was Significantly higher during the first 3-week 
interval than in the remaining intervals and differences 
between the latter were not significant. 

Results of the motor activity study (Figure 15) indicate 
that all fish groups exhibited more movement in the horizontal 
plane than in the vertical plane. 

Motor activity decreased significantly with increase in 
zinc concentrations and between group comparison during each 
interval indicates that as early as the first interval, test 
fish were significantly less active than control fish. . Within 
group comparisons indicate that test fish were significantly 
less active during the second, third and fourth intervals 
Manan thew rirst.  Ditferences inactivity of ‘control fish 


from one interval to another were not significant. 
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Figure 14.~. Effect of chronic exposure Lo" zinc Om coir tsiry 
behaviour of the male guppy. 
Values are X + 1SE (details in Appendix 8) 


Concentrations are measured values 
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Figure 15. Motor activity of female guppies during chronic 
exposure to zinc. 
Values are X + 1SE (details in appendices 9-11) 


Concentrations are measured values. 
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DISCUSSION 


EFxpertment 1. Acute toxicity of zine to immature and adult 
fish 


A typical plot of per cent mortality versus survival time 
shows an induction period during which no mortality occurs 
(Rubin and Elmaraghy, 1977), the length of this period decreasing 
with increase in zinc concentration (Chen and Selleck, 1969). 
The present investigation did not show a definite trend of 
decrease in induction period with increase in zinc concentration. 
However, the longest induction periods were recorded in the 
lowest zinc concentrations and fish that died at the higher 
concentrations had shorter survival times (Figures 1 and 2). 

When a fish is exposed to zinc, the gills are thought to 
accumulate zinc down a concentration gradient (Hodson, 1974). 
Fish in higher zinc concentrations could therefore take up 
More zinc and as a result, gill damage and the consequent 
development of tissue hypoxia would occur faster. This could 
explain the shortening of survival times at the higher zinc 
concentrations. 

This study estimated the 10-day LC50 of adult and immature 
guppies to be between 4.57 and 5.01; 2.40 and 2.88 mg/l zinc 
respectively. Although a lot of work has been done on the 
acute toxicity of zinc to fish, differences in a) chemical 
and physical properties of test water, b) duration of tests, 
and c) test species, limit the number of comparisons which 
can be made between tests and often detract from the signifi- 


cance of such comparisons. 
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Pickering and Henderson (1966) reported the 96-hour 
ReOUVOteAdU Lt Guppres  vorbe t+ 2) *mg/ i*Z2inc. “The ph and 
Temperature OStherr tests +7 75*and 25°C respectively, were 
Similar to those (7.4 and 25°C) Oto tiitsus tudy .. lhe. total 
hardness of their test water was only 20 mg/l. Therefore, 
ther lo=day LC50 “(4.57—570L°mg/l zinc) estimated for adult 
guppies in this study, at a total hardness of 95 mg/l follows 
the expected trend of increase in tolerance with increase in 
hardness. 

Mounts (LG 6) estimated theroo-hour LC50" of the tathead 
Minow etOmbe vl 2e5¢mg/Al zinc. » His "test “conditions of pH, 

7; temperature, Ds, Ae total hardness, 100 mg/l, were similar 

to those of this study. It is therefore probable that fatheads 
are more tolerant of acute zinc toxicity than guppies. However, 
Pickering and Henderson (1966) measured the tolerance of these 
two species under the same test conditions (soft water) and 
they reported the 96-hour LC50 for guppies and fatheads as 

1.27 and 0.87 mg/l zinc respectively. The difference in 
tolerance was non-significant. This finding can still be 
reconciled with the conclusion that was reached by comparing 
the value reported for the fathead minnow by Mount and that 
estimated for the guppy in the present investigation. There 

is no doubt that the longer exposure period of 10 days of the 
present investigation contributed to the lower LC50 value 
obtained for the guppy since fish continued to die after the 
96-hour mark. This value may in fact be close to that level 

at which half of the fish may be expected to live indefinitely 


(ie. the Incipient lethal level, Sprague, 1969). Also, a 
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Gor 
change in one of the properties of the test water may not 
necessarily alter the tolerance (to zinc) of different species 
to the same extent. Consequently, a significant difference 
in the tolerance of two species in soft water could become 
non-significant in hard water if the increase in hardness 
produces a greater increase in the tolerance of the less 
tolerant species. For example, an increase in hardness from 
aon to c3e0rmoG/) produces «a.38.4 -X% «and ays. 42% increase in 
tolerance of fatheads and bluegills respectively (Pickering 
and Henderson, 1966). As a consequence, while bluegills are 
Significantly more tolerant than fatheads in soft water, the 
difference is much smaller in hard water (Pickering and 
Henderson, 1966) and may become non-significant. It is 
probable that a decrease in hardness from 100 to 20 mg/l 
produces a larger decrease in the tolerance of fatheads compared 
with guppies, so that in soft water the large difference in 
tolerance disappears. It is also interesting to note that 
while a temperature decrease from 25°c to 15°C Significantly 
increases the 96-hour LC50 of fatheads in soft water from 
Oe 799i-002.55 mo/tezinc,; theyincrease, inythe ibluegiliowas 
only from 5.46 to 6.44 mg/l zinc (Pickering and Henderson, 
$9.66) % 

Results of the 10-day LC50 (table 1) show adults to be 
more tolerant than immature guppies. Variation in tolerance 
among different stages of the life cycle has been reported in 
the literature. Eggs of the fathead minnow are more tolerant 


than one-day-old fry (Pickering and Vigor, 1965). In the 
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zebrafish (Brachydanto rerto), Skidmore (1965) found that 
newly laid eggs and newly hatched fish were the most and 
least tolerant stages respectively. Skidmore (1966) demon- 
strated that the higher tolerance of eggs of the zebrafish 
was not due to protection by the outer egg membrane. 

Attempts have been made to relate differences in toler- 
ance rtoezince ofeditterent life egete stage of the zebrafish 
to differences in weight-specific oxygen uptake (Skidmore, 1967). 
Perhaps a study ened would be more directly related to 
the problem is one that examines the 'performance' of these 
different stages under conditions of deficient oxygen. The 
consensus of opinion among researchers is that acute zinc 
toxicrty in ‘fish is due ‘to ‘the: development of internal hypoxia. 
Differences in the capability to compensate for or to adapt 
to the hypoxic conditions might be the key factor in the 
tolerance differences observed for different stages of the 
life’ cycle. 

Aithnoughs the  mode~of action of zine (during acute toxicity) 
is essentially external, Chapman (1973) speculates that there 
1s) nes necaveorerne zinc 2ons to»make closercontact with, or 
even enter the epithelial cells of the gills. Since gill area 
per gram of fish decreases with increasing fish size (Muir, 
1969), smaller fish may therefore be expected to present a 
relatively larger surface area on which the toxicant can act 
and therefore increase the extent of the development of inter- 
nal-hypoxia. If intraspecific differences are large enough, 


this Eactor’ could contribute® to tolerance differences. Because 
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immature fish are smaller and are growing to attain adult 

size, their oxygen requirements per gram body weight might 
be greater than those of adult fish and as a consequence, 

immature fish could be more adversely affected. 

Whereas this study found a significant increase in zinc 
tolerance with a 16-fold increase in size, Cairns and Scheier 
6hOS9)- found, no significant diffierence Ani wolerance: of biluegills 
with a 57-fold increase in size. Their results actually 
showed a slight decrease in tolerance with increase in size. 
The difference in findings of both studies might be simply 
due to species differences. 

Zitko and Carson (1977) performed monthly acute toxicity 
studies on juvenile Atlantic salmon from September to July 
and suggested that the higher tolerance of these fish during 
the winter might be due to their lower metabolic rate. They 
also speculated that the increased sensitivity in the spring 
might be due to ‘increased metabolic rate and physiological 
Ghanges during ®the: initial stages of sthe parr—-smolt ytrans- 
EOTMNAELON" . 

If polluting levels are within the range of tolerance 
Sbeehe guppy popmlationjmalisignitvican’ tobesancesdi fierence, 
as found in the present study, would suggest that immature 
fish could be more adversely affected. The effect could be 
one of a change in the age-structure of the population in 
addition to the reduction of population size. One would not 
expect this change to last long when normal or near-normal 
conditions return since the surviving population will contain 


many reproducing individuals. 
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Experiment’ 2. Bfréect of zinc ‘on!’ reproduction 

The present investigation reports that chronic exposure 
~to 0.88 and 1.70 mg/l zinc, concentrations which approximately 
represent 0-2 and 024 of the 10-day LC50 “respectively, ‘caused 
a Significant decrease in brood size. The brood sizes recorded 
roretest Lush are not unusual and can occur under normal cir- 
cumstances (Rosenthal and Rosenthal, 1950; Rosenthal, 1952). 
HeEOOGYSs?!Ze Of Gupprles “shows ai cyclic variation: initirably the 
value is low; increases to a maximum and then decreases to a 
Minimum. The unusual feature was that most of the exposed 
females consistently produced smaller brood sizes (Appendix 6). 

Brungs (1969) Boeeved a Significant decrease in fecundity 
OTVEnc Peenead minnow during a 10-month exposure to 0.18, 0.34, 
Ovo8"and 1.3 mg/l Zinc. Although the two highest concentrations 
appear comparable to those reported in the present investigation, 
the former were only 0.07 and 0.14 respectively, of the 96-hour 
Le5sovdetermined by Brungs.  At.278 mg/l zine, a concentration 
that was 0.30 of the 96-hour LC50, egg production was completely 
inhibited in the fathead minnow (Brungs, 1969). No valid 
conclusions can be drawn, with respect to differences in tol- 
erance of chronic zinc toxicity of the two species, because 
of differences in the duration of the acute and chronic studies. 
One might, in fact, expect the effect of zinc to be greater in 
the guppy because of the viviparous mode of reproduction. 
However, the apparently higher tolerance of guppies may be 
real and could be entirely due to species tolerance differences. 


Speranza et al. (1977) found a significant decrease in the 
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number of eggs produced by the zebrafish following a 9-day 
exposure (a period in which gametes were maturing) to 5 mg/l 
‘zinc. They also found that the effect was reversible on 

return to a zinc-free environment. In the present investigation, 
involving the guppy, a decrease in the reproductive capacity 
didsnot occur, until_the secondsparturition; period. This time 
interval probably represents the time required for the metal 

to accumulate to levels high enough to exert a noticeable 

effect. Whether or not the effect is also reversible in the 
guppy is not known at present. 

A eee relationship between fecundity and the amount 
of food consumed has been demonstrated in the rainbow trout 
(Scott, 1962; Bagenal,..1969)., and. in. the: guppy (Hester, +1963). 
Although the present investigation did not quantify food 
consumption, information from the literature seem to indicate 
that exposure to sublethal levels of zinc could reduce the amount 
of food consumed. Cairns and Loos (1967) reported a decreased 
feeding rate in the zebrafish during a 96-hour exposure period. 
If the effect is long lasting, exposure to sublethal levels 
of zinc even under conditions of abundant food supply could 
result in a decrease in the overall amount of food consumed. 
Crandall and Goodnight (1962) observed that some guppies did 
not feed normally after 30 days exposure to 1.15 mg/l zinc. 
Minnows (Phoxtnus phoxtnus) exposed to 0.05-0.30 mg/l zinc 
consumed less food than controls (Bengtsson, 1974a). Watson 
and McKeown (1976a) observed that although rainbow trout 


exposed to 1.12 mg/l zine consumed as much food as controls, 
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growth rate in the former was significantly lower. It would 
appear, therefore, that the problem of reduced fecundity (and 
reduced growth rate) is due to reduced energy availability and 
consequently, reduced food assimilation and energy transformation 
(Watson and McKeown, 1976a; Bengtsson, 1974a) would produce 
Similar results as reduced food consumption. 

The mechanism by which zinc suppresses food consumption 


Psenoceknown.< “PApp lication Of ~16 -mg/17anso to the palatal 


4 
organ of the carp, Cyprinus ecarpto, depressed the response 
erecart rand sugar receptors (Hidaka, 1970). This concen- 
Cratron (=675" mg/7- zine) Vis hrgh compared“wirth those in ‘the 
present investigation. However, in Hidaka's study the zinc 

salt was applied for only ten seconds. Lower concentrations 
such as those used in the present investigation.could probably 
exert a similar effect with increase in exposure time. Zinc- 
induced degenerative changes in the palatal organ, if they 
occur, might also produce a similar effect. Such responses 
could probably account, partially at least, for the reduced 

rood consumption during “chronie Exposnre or fish’ to zines »No 
THrormaciton 16° avai Labie ony the effect? of zinc ton" the. efflcrency 
of assimilation. 

Hiltibran (1971) demonstrated a phosphate 'uncoupling' 
effect for low levels of zinc in the mitochondria of bluegill 
liver. He speculated that the observed effect might be due 
to 'some alteration in the sequence of the incorporation of 
inorganic phosphate into tissue organic phosphate ... °'. 


The consequence could be impaired energy transformation. 
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Mention has already been made of degenerative changes 
in the guppy resulting from chronic exposure to zinc (Crandali 
and Goodnight, 1963). Similar exposures have also caused 
degenerative changes in the spinal cord of the minnow, Phoxtnus 
phoxtnus (Bengtsson, 1974b). The question of additional 
tissue repair therefore arises in exposed fish. Dilation of 
renal tubules in chronically exposed guppies (Crandall and 
Gecdnight, 1963) istprobabily sindicaittive o£ increased excretory 
demands. Adjustment to the presence of the toxicant could call 
for the establishment of some kind of ene mechanism; 
which in its simplest form could involve chelation by proteins 
Or storage -of accumulated zinc in inert tissues. The compara-~ 
tively larger amounts of accumulated zinc in such tissues as 
the gill arch and the opercular bone of the bluegill (Mount, 
1964) and the spinal column of chinook salmon fingerlings, 
Oneorhynchus tshawytscha, (Joyner and Eisler, 1961) are 
probably the result of a redistributing mechanism. Some of 
these processes may be energy-consuming. If energy trans- 
formation is impaired while the energy cost of metabolism and 
tissue repair rises, it becomes obvious that exposed fish can 
only budget comparatively smaller amount of energy for such 
non-maintenance processes as growth and reproduction. 

Speranza et al. (1977) reported a significant decrease 
in the number of viable eggs produced by zebrafish that were 
exposed to zinc. This effect was probably due to damage to 
the gametes prior to fertilization, since Spawning occurred in 


a zinc-free environment. Damage to gonadal products, apart 
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trom requcing, fertiuda zation success. or egg: viability,.could 
prevent successful completion of later developmental stages. 
Results obtained in the present investigation indicate very 
strongly that embryonic development is another area where 

the toxicant can exert an effect. There were three cases in 
which a mass of tissue, representing an undifferentiated or a 
dedifferentiated embryo (as noted by Rosenthal and Alderdice, 
1976), was found. Some young were born dead, smaller than 
usual, had not uncurled from the embryonic posture and the 
yolk had not been completely absorbed. Interestingly, there 
was no instance where the brood contained only these individ- 
uals. Since superfoetation (ie. a second brood is not fertil- 
ized until the first is delivered) does not occur in the guppy 
(yrner, 71937), 1t 1seprobableythaty the toxicant chad, thevweffect 
of either slowing down, arresting or even reverting (dediffer- 
entiation) development. The level of toxicant at which this 
occurs will vary from female to female and from embryo to 
embryo. 

Damage to gametes prior to fertilization may not solely 
account for the observed effects. Arrested development could 
result 'if the available energy budget is sufficient only for 
maintenance of cells in their current state of organization' 
(Rosenthal and Alderdice, 1976). It is therefore likely that 
the developing young also faced some kind of an ‘energy crisis’. 
Intensive growth and differentiation of embryos of the guppy 
take place during the second and third weeks of the gestation 


period and during this time, maximal nourishment of embryos is 
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necessary (Stolk, 1951). Nutrient required by the developing 
embryos for maintenance metabolism comes from the mother 
(Scrimshaw, 1945). If the assimilation efficiency and/or energy 
transformation of the mother is impaired, the amount of nutrients 
made available to the young from her and the number of young 

she can therefore successfully support could be reduced. 

Eggs, like other tissues, may be capable of accumulating 
2uNC.e te the levels are high, they ‘could Basis 8 the same 
"uncoupling' effect that has been observed in the adult fish. 
Because of the intimate vascular connection in the guppy 
between embryo and mother (Purser, 1938; Scrimshaw, 1945), 
Ssubstances-in the blood of the mother, including zinc, could 
eventually reach the embryo. Placental transfer of zinc from 
mother to embryo has been demonstrated in the rat (Feaster et 
Giw, 1955). “That dead fry had net completely absorbed the 
yolk indicates that the problem might be one of food utili- 
zation or energy transformation and not due to reduced food 
availability. 

Decreased energy availability resulting from one or more 
of the following: decreased amount of nutrient made available 
to young from exposed mother, impaired energy transformation 
of young induced by zinc or increased cost of tissue maintenance 
could account for the decreased size of young (at birth) 
produced by mothers exposed to 0.88 and 1.70 mg/l zinc. 

Another point in the reproductive cycle of fish where zinc 
has been shown to have an adverse effect is the success of 


hatching. Brungs (1969) observed that the hatching process 
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began prematurely in fathead minnow eggs exposed to 2.8 mg/l 
zinc and before hatching was complete, most of the fry had 
died. Rosenthal and Alderdice (1976) suggested that unsuccessful 
hatching as a result of exposure to toxicants might be due 
to reduced embryonic movement within the egg and as a result, 
the hatching enzyme becomes concentrated in the head region. 
Although this local concentration of the hatching enzyme could 
explain the premature hatching observed by Brungs, it is 
doubtful if this mechanism will play a significant role under 
the apes SieRe of his tests since the eggs were in the zinc- 
polluted environment for about three days only before 
hatching began. 

Within the range of concentrations studied, the toxicant 
did not affect the intervals between broods. This means that 
the frequency of 'spawning' did not contribute to the zinc- 
induced reduction of the total number of young produced by 
exposed fish. Events that occur during intervals between 
broods include 1) development of middle-sized oocytes into 
large oocytes, 2) fertilization, 3) development and growth of 
Siiomvoswand , vi Litally .04) “DarcuritLon we Awino~ettect* onthe 
intervals between broods could be understcod to mean that none 
of the mentioned events was slowed down significantly. Results 
obtained in this study, however, indicate that the development 
of some young was slowed down. Intervals between broods may 
not, therefore, be a sensitive indicator of the effect of zinc 
on the events mentioned above. Guppies, under normal circum- 


Stances, show a lot of variability in the intervals between 
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broods. Intervals ranging from 28 to 60, 22 ‘to 44 days (Turner, 
1937) and 27 to 59 days (Yamagishi, 1976) have been reported 
for the same female guppies respectively. A variability of 
that magnitude could overshadow any effects the toxicant 

may have on the events mentioned. 

Brungs (1969) reported a zinc-induced reduction in the 
frequency of spawning in the fathead minnow. The number of 
spawnings per female during a 10-month exposure period was 
O57 20.5 -and @=1 tin “i23; "0-66 mg/l ¥zine: and scontrols ‘respectively. 
Speranza et al. (1977) found that after eroeaae exposure to 
5 mg/l zinc, zebrafish showed a delay in spawning. The latter 
investigators eacese that the observed effect might be- due 
tO-a aeiay an gonadal maturation. It is not known if intervals 
between broods in the guppy would have increased significantly 
if exposure was continued for longer periods. 

Zinc might also inhibit the spawning process per se. 

This effect has been reported for bluegills that were exposed 
Coulee aeng/ cance (Sparks: et, aby L972). The significance 
of-this finding ws that “even if “the number of eggs produced 
per spawn is unaffected, changes in the frequency of spawning 
(or parturition) could, over time, reduce the reproductive 
success of fish populations. 


Expertment 38. Effect of previous exposure to zinc on the 
tolerance of young fish 


Results of the acclimation studies (table 2) seem to 
indicate that there apparently is an optimal level of zinc 


at which prenatal exposure increases the tolerance of young 
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inewsecond control. group (C,), in which young were 
postnatally exposed to 0.97 mg/l zinc for 12 hours before 
being tested, survived slightly longer than the C) group. 
Although the difference was not significant, it apparently 
followed the trend shown in other acclimation studies 
(Bickeringsand Vigor, 19657) Sinleveecr, Gi. 49/4; LLloyd,,.1960) . 

This study is certainly inconclusive and the finding 
should not be overemphasized. The young fish were not all 
from the same parturition periods and therefore some had come 
from females that were ease longer than others. Some 
young were tested after recovery from anaesthesia because. of 
the small number of young produced by exposed fish. Increased 
Survival time may not necessarily mean increased tolerance 
(Hodson, 1974) and a more valuable study would be one that 
involves LC50 determinations so that the response of each of 
the various groups is measured over a range of toxicant 
Comcentratlons.w slLneOrder stouobtaingenougnay ound. to. carry out 
LC50 determinations, one may need to expose the adults to zinc 
concentrations that are lower than those used in the present 
investigation, in addition to using a much larger number of 
Alta Sh. 

The mechanism of acclimation of fish to zinc and other 
heavy metals is yet to be understood and there hardly is any 
speculation in the literature. If zinc has to penetrate the 
epi tnelial celis, ofe the gills. before Atacan exert a toxic effect, 


then one can suggest that the increased tolerance of previously 


Abeer 


44 gto of tlic day: © cal Men gay pec Suies ita ag 


> | g Be 


vine. el, on ai getidy tile Cocoa Fustelopen bss 
exis eaatieily aus’ heat dedi 8 
~Joethe otter s arial tea at pee 

wt mokyerd 416 ahr fem | 


et drm wae ad  femuhig 


Gh et eure igs 5 arty, vein afte na ecenepnott ae 


dogvixds do Seter. bee A Srsclabeoge wd lopiierte wivodge 


, Keiheute asides 


ov had ‘ eG 4 on =, i 


aie: @ssalleoranlls Sits toi he er nile 


nt ; t he ms 4 ‘ F ws Lhe "nak is nowt 8 1b) rs nga) ; tends -_ 
+. F ins 
fy ar : 7a it hex a rf S24 Ney AAS a ONS oe ‘inthe sail 5 


“a 


mat 


“8, Ne A alae! fore. 2 ahctgi i iwe 
‘as beBoownlet anea ert eneeee - isi im wncks wei 


a 4 ; a _ Agi aphgeith ony 


He be , * f vee ny 
aA PS 


| i PT tan ie cia ree ou 3ob20 Hk, mie gee 
eT .gule aongté 04 busy Soa ab tehaie is “<1 
i>) fin neh ta biel 3. ited = "fh eae tots 
mins, Rew aE LAI ey Nhs OS, fo eos ah 


Cae ms i a : sa * i ier 


> (ete veel eee, hier ay + gona a i ano 


Bhe A he ¥ 
oe 


ree 


exposed fish may be due to a decrease in zinc uptake as a 
result of the ere exposure. Another probable explanation 
is that previous exposure to zinc lowers the oxygen demand of 
the fish so that the amount of zinc that reaches the gill 
epithelium is reduced. 

Selective mortality is one of the factors by which a 
population may increase its tolerance (Skidmore, 1964). If 
prenatally exposed guppies are more tolerant of acute zinc 
toxicity, then selective mortality may be a probable mechanism. 
It is easy to imagine that during the ee Ta period, weak 
embryos are eliminated and the young that survive are more 
hardy and probably more tolerant of adverse conditions, 
including an acutely toxic zine concentration. 

Hxpertment 4. Effect of chronic exposure to zinc on courtship 
behaviour and motor activity 
a) Courtship behaviour 

Courtship intensity did not differ significantly between 
control and test groups. Although mating was observed on a few 
occasions only, the conclusion could be made that the frequency 
of insemination was the same in all groups since 'there may 
very well be a high correlation between courtship behaviour and 
the ability and opportunity for copulation' (Clark and Aronson, 
1951). The results suggest therefore that the small brood 
Sizes of test groups were not due to a decreased frequency of 
insemination. 

The courtship figures reported in this study are high 


compared with those of Warren (1973). Individual differences, 
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7a. 
which may increase when interpopulation comparisons are made, 
could account Bey ite differences in both studies. Test 
tanks in the present investigation held one male and one 
female fish only. Consequently neither fish would spend time 
On aggressive behaviour towards other fish. Increase in 
aggression and decrease in courtship behaviour resulting from 
increase in density of a population of guppies (Warren, 1973) 
might understandably represent a response to maintain the 
population density at an optimal level. However, physiological 
DeSPOnsSes|, such vas a decrease in ovarian See Be might play a 
more efficient role in this respect; ina fish where one 
Slisemrnatvon could fertilize several successive.broods (Purser, 
1938; Winge, 1937). It is therefore probable that courtship 
activity in Warren's study merely decreased as a result of 
increased aggression. If this is so, then in the present 
investigation one would expect the opposite since aggression 
within the pair would be expected to be low; because of the 
tendency for guppies to attack their own sex more frequently 
than the other sex (Warren, 1973). 

VislonepiaysceaneiMpontbant role sancourtsnipwtactivity of 
the guppy (Breder and Coates, 1935). In the present investi- 
gation, where the volume of the medium was only 4.5 litres, 
it would be expected that the female might not escape the 
notice of or escape easily from the persistently courting 
male. 

One feature of the courtship display in the present 


investigation, which can not be fully accounted for at this time, 
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is the marked reduction in both control and test groups after 
the first 3-week interval. The result gives one the impression 
that males tend to court 'inexperienced' females more 
vigorously. A probable explanation is that because of their 
history of isolation from males, virgin females may need time 
to adapt to the presence of the males before responding to 
their courtship displays. This would mean that virgin females 
are less receptive and might therefore be ayertiodl for longer 
Detrods.) uiiey, ceoludye (966) indicates that this might not 

Po ner Case tier euatous response eee to affect the 
quality and quantity of the male courtship. More receptive 
females would therefore be expected to be courted more vigorously 
than non-receptive ones. Virgin females may, in fact, be 

more persistently receptive than non-virgin females and the 
receptivity of the former group drops as embryonic development 
begins (Liley, 1966). The duration of this period of higher 
receptivity (before embryonic development begins) was estimated 
by, Gilley es 6 days. This, period forms a major fraction of 

the first 3-week interval and could account for the signifi- 


cantly higher figures recorded during this period. 


bb) Metomeectini ty 

The reduced activity of guppies during chronic exposure 
bO.Zinc,) Observed,in. this, study, might be the result.of 
decreased energy availability. Mention has already been made 
of the various factors that could reduce energy availability 


in exposeds fish... Lt isi also probable that: the observed, effect 
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is only a result of altered behaviour. There was the tendency 
for exposed fish to move only within the lower half of the test 
tanks and sometimes, they simply rested at the bottom. When 
theydid move, however, they did not appear to have any difficulty 
in swimming or maintaining equilibrium. Crandall and Goodnight 
(1962) had earlier observed that some of the guppies exposed 
Ome MG / Lesa, wn Beacon to showing stunted growth, 
were comparatively inactive and appeared to have difficulty in 
swimming and maintaining equilibrium. Minnows, Phoxtnus 
phoxtnus, exposed to 0.20 mg/l zinc or more, were not only 
less active but also showed a tendency to swim near the bottom 
and form dense shoals (Bengtsson, 1974b). The above investi- 
gator also observed that the exposed fish were highly excitable. 

Sublethal levels of zinc (0.20 mg/l and above) have been 
shown to cause degenerative changes in the vertebrae and 
spinal cord of the minnow (Bengtsson, 1974b). Such an effect 
could partially account.for, the. depression of. activity, in 
exposed guppies as observed in this study and in Crandall and 
Goodnight's study. The effect would be expected to be more 
pronounced in the latter study since the guppies were exposed 
when they were only a day or two old. 

Since exposed fish in the present investigation did not 
seem to have difficulty in moving, -one can not speculate on 
their ability to escape from predators. The other studies seem 
to indicate that exposed fish may be less successful at escaping 
predation. If exposed fish form dense shoals, as Bengtsson 


has noticed, coupled with a probable reduction in ability to 
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Swim, exposed populations may become more easily noticed and 
preyed upon. 

Apart from a reduction in activity, observations in the 
present investigation and from Bengtsson's study seem to 
indicate that chronic exposure to zinc could alter movement 
patterns of exposed fish to the extent that only part of the 
Dacibat oer vy uttorzed. KA ispatialmrestriction could 
artificially cause an increase in population density and reduced 
food availability. Behavioural and/or physiological changes 
could occur as in usually observed in over-crowded populations. 
These changes, even in the absence of predation, could cause 
numerical changes in the population. 

Although courtship behaviour involves movement, a zinc- 
induced decrease in motor activity did not produce a decrease 
Da courtship cactivitcy.. Motor, activity Of males was not 
measured but it is unlikely that females would have been 
differentially affected; in which case exposed males may not 
have found it more difficult courting exposed females (when 


compared with unexposed males courting unexposed females). 
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SUMMARY 


Results of the present investigation indicate that in 


the guppy, 


1) 


2) 


3) 


4) 


immature fish are less tolerant of acute zinc 
COmPowiy et non made Cult Sr. 

chronic exposure to zinc a) decreases the number of 
young produced per female, b) does not affect the 
intervals between broods, c) decreases the size of 
VOUNG eat oir cin. 

there apparently is an optimal level of zinc at which 
prenatal exposure increases the survival time of young 
ana acutely toxic ezine concentration’. 

chronic exposure to zinc a) does not affect the 
intensity of courtship behaviour, b) decreases motor 
activity and exposed fish tend to stay near the 
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APPENDIX I 


Physical and Chemical Properties of Water in Experiment I. 
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immature 
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Dissolved oxygen 
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Total hardness 
(as CaCO, mg/1) 


Total alkalinity 
(as cacO,, mg/1) 


Temperature 
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pH 
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Temperature 
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ASS 143 Ss Sie PAS Gab 
Us Se AO 8 
7.4 IS tice Bee) 
Fisi L330 ie ne 
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7.0 26 6.5- 7.4 
Uae 25 6560—= 27.8 

Go 19 85' "=-118 

96.4 10 Ban — I b2 

91.8 10 86 -104 

2003 8 18).6- 24 

Ila ts: 8 UGE = 2.0 

16.5 8 1650= 19 

PAS NE 140 25 A= 12:6 

Pay Y/ 149 25 S216 

Z5aG 143 25.2-° 2602 

The mean 


1x, B and C represent the three sets of LC50 determinations. 
values represent measurements for 6 experimental and 1 control tanks 
run in duplicates. 
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Appendix 3 


Physical and Chemical Properties of Water in 
Sublethal Experiments 
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Size of Females Used in Sublethal Tests 
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Intervals Between Broods (in days) of Female Guppies During 


Chronic Exposure to Zine 
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Appendix 6 


Effect of Chronic Exposure to Zinc on Brood Size of the Guppy 
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Appendrs 7 Cont'd 
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Appendix 7 Cont'd 
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Appendix 9 


Number of Times Horizontal Lines were Crossed x 0.7 


measure of movement in the vertical plane) 
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(measured, mg/1) 
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Number of Times Vertical Lines were Crossed 
(= measure of movement in the horizontal plane) 


Zinc concentration 
(measured, mg/l) 
; FCS aT eae 


1.70 


Females 


Om WN Mm Wh (nt & Whe 


Om | tH 


Weeks 
iL 2 Sl 4 5 j 2Ooer 
S03 Soae5 SG) 27d bara 4 5.5 SISA 3 
SAI, 40.7 AO.8 Aaa) S800 Sia 
eee | ee @ 390 59.0 55.7 82.0 
Eee Pas | BSI TI 50 a3 Ee S ade 5:0'5.0, 
4c>4 2 130.0) ) 40.5% | 30.7 24.0 SOuly 
aby Be) 7 
36.7 SHE S AninenG) She ears vis ey Died 
20213 Bidees 34). 3 29).'0 She ee 2503 
Bo 0 40.6 SO T/ 26.0 6). 3 aL reat 
26.0 Zo8 38.03 208-10 Oey, TOT. O 
S23 GW AAA ONS Bes ULI) ey! 2020 10.0 
B8h 5 033 Pos 
2463 Sifs SiQEs a2 ot) Shia Od 
DS aI Zoe Zaou ZA FS et 4 335 7 
PHONG Bion pes nee / AAS ArO EO..0 
CHE ge) SiGe 3063 125.0 2h.0 {AGS 3 
S520 46.7 Bai 7 Sane Gees 26.3 
= Bs S ay Rea 
3\6. 0 35.0 SiOkes 8.0 als 3 6.0 
IMS 6 7 25 23 28.0 EAA 6; 8.0 ILO) 418) 
SiS ST 20.5 OS Bea ORO 6.7 
Bixee SS) iG, Pe Te | 203 Peay) Drath 
SS 2k 26.0 IL) 16.0 Wet ITs Wi 


a 


aioe: a uh ai 
es stant bom 


, 
He said sae eth surge Mae 
‘Larie) i Kaan ban : 

' : PH baie: . 


Zinc concentration 


0 


0.36 


Appendix 10 Cont'd 


Females 


Oe WNP Ul om W ho Ome WN 


UW & WN ee 


<4 


x 


a 


| 


Weeks 


ae rn nn 


nn re re 


7 8 
2850 ) 126.3 
45.0) 20.8 
BB. 00) 55.9 
45.0 52.3 
B88 Whee 
18.3 8.7 
21.8 (308.8 
18.0) (pec7 
et 
Ae deanna ae 
343 Bia 
4.0). yO. 38 
16.0.3 9.7 
AO, we. 47 
is pan ket 
13.0 9.3 
12 9.7 
19.3 7.0 
Died 


meee 
13.0 20.0 
30.3 a2),.5 
5A. 40.7 
39.0 B60 
20.3 40.6 
36.9 

EAS 8) 20°.0 
Di -« 24.6 
13.8 ie nS 
SA 7) 20233 
OARS 

TORY ee-O 
2027 20.0 
Sa3 LO .0 
25d HAAS: 
La 93 20.0 
| BL GN 
16.3 Lae] 
a0 LO ./0 
Leo 8.0 
Ais 5 a0 
9 23 


ih 


a) 


Le etbeys Finan Ns > cereal Aerio ry 


AS MN, gl ounk ; | 
oO. Geet: 0S. eee, 
<n aye. Be ney Apmdie y on tn how J , 

us eu lt | i ii . - 
ft a ver a Wate ant ahr im a een teenie - ars : is 
Dee Goad 5 | Sem A iy) eee i ee 
ur Oh. a a nfs Msi a x f Sa * ee Tie te: ie Le fe ' a y : - vi ir 
Oe) tam, nee five Sk ON ie. £: Pe bee 
vee: ae Vth ty ae) ® ta va ag en 4 ee > an iP 


0 a2. rate i en i ewe 
& Ps ; ; Tank ‘ar, vy KE a Es o 
Ck, Naty Gath ake 
oe ee re ee eee 
4 +h —_ are TRE dial s. 
Rit —— Lie es he Se, parm ingh ka Be He, cit vonnure Roa | _— ae “ 
Rae ee ORE eee Seeman i ae 
bok WVCR WER OR ae i in 


: ‘ vs dan, : wee o 
Vi! ty et ok oe es an su at sates 9 a. : ie in 
ths ee ee aly * were 7 ay 


nS to ye ge Fiabe ine elena wih dia bin) 
, » Fi be : oh 
oe *) 


i. i ial dngaigai . 7 werk P 
1) (Vee eehe i 

a See ee oA) a) Ram t 

ey cA Deh GSR oF eae. at oe 

& 

g 


ee ee sc Ab aime hey A eee La yh 


are) Mee le Mya Rss 
. : ¢ 


Ue ae Co. h Joue:, Goes Me ae 


nt es ooo rarat ener icone aa sath pi 


ca: , 


ahaa iat = ey i wales = 


ip 
i 
a 
j 

ie aw i l h 

’ it 

a a By : 
Pe et - 


Appendix 11 


Number of Times Horizontal Lines were Crossed and 
Number of Times Vertical Lines were Crossed 
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